International Journal of Mechanical and Industrial Engineering
Volume 2

Issue 4

Article 10

April 2013

ANALYSIS OF SPOT WELDING ELECTRODE
RAJANARENDER REDDY PINGILI
ME Advanced Design and Manufacturing. Vasavi College of Engineering, Hyderabad.,
rajanarender69@yahoo.com

Follow this and additional works at: https://www.interscience.in/ijmie
Part of the Manufacturing Commons, Operations Research, Systems Engineering and Industrial
Engineering Commons, and the Risk Analysis Commons

Recommended Citation
PINGILI, RAJANARENDER REDDY (2013) "ANALYSIS OF SPOT WELDING ELECTRODE," International
Journal of Mechanical and Industrial Engineering: Vol. 2 : Iss. 4 , Article 10.
DOI: 10.47893/IJMIE.2013.1108
Available at: https://www.interscience.in/ijmie/vol2/iss4/10

This Article is brought to you for free and open access by the Interscience Journals at Interscience Research
Network. It has been accepted for inclusion in International Journal of Mechanical and Industrial Engineering by an
authorized editor of Interscience Research Network. For more information, please contact
sritampatnaik@gmail.com.

ANALYSIS OF SPOT WELDING ELECTRODE
RAJANARENDER REDDY PINGILI
ME Advanced Design and Manufacturing. Vasavi College of Engineering, Hyderabad.
E.mail: rajanarender69@yahoo.com

Abstract: - Electric resistance spot welding has been extensively used for many years in the automotive and aerospace
industry for joining body sheet components. Compared to other welding processes such as arc welding process, resistance
spot welding is fast, easily automated and easily maintained. Accurate thermal analysis of spot welding electrode could
permit critical design parameters to be identified for improved electrode life. It is a complex process where coupled
interactions exist between electrical, thermal and mechanical phenomena. On the other hand, finite element method (FEM),
which can deal with nonlinear behaviors and complex boundary conditions, provides a powerful tool for studying these
interactions and has become the most important method for the analysis of resistance spot welding. In this study, a 2-D finite
element model has been developed to predict the transient thermal behavior of spot welding electrodes. The model included
heat transfer analysis, electrical field analysis and phase change during melting or solidification and temperature dependant
material properties, and also their inter-dependence. The contacts at faying surface and at electrode – work interface, with
temperature dependant contact resistances were modeled. Three types of electrode shapes – flat, pointed and dome nose were
analyzed. Temperature distribution on each electrode shape was obtained from the finite element analysis. Maximum
temperature of 2876 ºC was observed in dome nose electrode in 0.2 seconds of welding time. Dome nose electrode requires a
minimum weld time of all the other electrode shapes to get the required nugget size, resulting in the least power
consumption. Nugget size was predicted for each electrode shape. Experimental results obtained were in good agreement
with the finite element analysis results.

1.

The suitable current density can be determined
by the following relationship.

WELDING CYCLE

All resistance welding operations are automatic
and therefore all process variables are preset and
maintained constant. Once a welding operation has
been initiated, the weld cycle is completed as per the
preset times. Welding cycle for spot welding consists
of four elements viz., squeeze stage, weld stage, hold
stage and off stage. These stage timings are fixed for
a particular metal and a thickness range. Each of
these phases plays a vital role in achieving a sound
weld of the required size.

J = 192 + kce-ts

(2)

Where J = Current density in A/mm2
ts = sheet thickness in mm
kc = constant equal to 480 for mild steel
e = constant, 2.718
2.2 Weld time
Weld time is the time during which welding
current is applied to the metal sheets. Weld time
should be as short as possible. The time of current
flow is controlled by electronic, mechanical, manual
or pneumatic timers. The weld time might have to be
adjusted to fit the welding equipment in case it does
not fulfil the requirements for the weld current and
the electrode force.
2.3 Electrode force
The purpose of the electrode force is to squeeze
the metal sheets to be joined together. The electrode
force serves a number of functions such as bringing
the work pieces in close contact, reducing the initial
contact resistance at the interfaces and consolidating
the molten metal into a sound weld nugget. The
electrode force is applied by hydraulic, pneumatic,
magnetic, or mechanical means.

2.

WELDING PARAMETERS
The welding current, time of current flow and the
electrode force are recognized as the fundamental
variables of resistance spot welding. For achieving
quality welds in most metals, these variables are
required to be kept within very close limits.
2.1 Welding current
The size of the weld nugget depends upon the
rate of internal heat generation. Thus welding current
is the most critical variable. Accurate control of
welding current is imperative for the success of
resistance welding.

3.

RESISTANCE WELDING EQUIPMENT
The main features of the resistance spot welding
equipment are electrical circuit, contactors and
timers, and a mechanical system as shown in Fig..
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4.4 Electrode Size
The electrode tip diameter depends upon the
required nugget diameter. The nugget diameter is
decided by the sheet thickness to be welded. The
electrode tip size is considered nearly equal to the
nugget size, which is found using Unwins formula

De
Where

6 t

(1)
t is the sheet thickness in mm

De is electrode tip diameter

4.

If the full length of the electrode is made of the
same cross-section, it will be too weak to withstand
the pressure to be exerted through it, and also causes
high electric resistance resulting in overheating. Thus
the pointed electrodes are made with truncated cone
with an included angle of 120 to 140º, whereas
sufficient radius is provided for domed electrode.

ELECTRODE CHARACTERISTICS

4.1 Functions Of Electrode
1.
2.
3.

To conduct the welding current to the work
pieces.
To withstand and to transmit the necessary force
to the work pieces to produce satisfactory weld.
To dissipate a part of the heat from the work and
thus prevent surface fusion.

5.

The transient thermal analysis of the resistance
spot welding process was modeled as a 2-D
axisymmetric problem. Sheet metal of 1 mm
thickness was modeled. Three models corresponding
to different shapes of electrodes were modeled as
follows:

4.2 Composition Of Electrode Material
Despite
high
electrical
and
thermal
conductivities, pure copper is soft and easily deforms
under load, and therefore cannot be used as electrode
material. Metals such as tellurium and nickel are
added to impart strength to the material.

1.
2.
3.

Table 1. Material composition of electrode
Element
Copper
Tellurium
Nickel

FINITE ELEMENT MODEL

% of composition
98.4%
0.5%
1.1%

Flat electrode of 15 mm diameter.
Pointed electrode of 15 mm diameter, and
included angle of 120º.
Dome nose electrode with diameter of 15 mm,
and a radius of curvature of 75 mm.

6.

MATERIAL PROPERTY
The steel sheets in this study were mild carbon
steel commonly used in automotive body assemblies.
The material of the electrode is Copper-Tellurium
alloy.

4.3 Electrode Shapes
All the thermal properties of both the electrode
and the work piece, such as thermal conductivity,
specific heat, density, latent heat and enthalpy are
given in Tables 1-3. [7] Phase change is taken into
account by defining the enthalpy of the material as a
function of temperature as given by the following
equation.

To achieve the desired current density, it is
important to have proper electrode shape. For this
purpose, three main types of electrodes are
commercially available.

H

C T dT

(1)

where ρ is the density of material in kg/m3 and
C(T) is the specific heat of the material in J/kg ºC as a
function of temperature.
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In order to obtain reliable results, fine meshes were
generated near these contact areas, while other areas
were relatively coarse, as shown in Fig.
Because the materials are subjected to a wide
range of temperatures, these properties, except
density and latent heat, are considered as temperature
dependant. The electrical contact resistance has
dominant effects on the formation of the weld nugget.
It is important to appropriately treat the electrical
contact resistance in the computational simulation. In
this study, the contact resistance is described as a
function of temperature. Density of mild steel is 7800
kg/m3, and that of copper is 8900 kg/m3.
7.

MESHING

The coupled-field solid element PLANE 223 was
employed to simulate the thermal-electrical
interaction. This 2-D element is capable of
accounting internal heat generation due to Joule
heating. The element also accounts for both transient
thermal and transient electrical effects. It has eight
nodes with up to three degrees of freedom per node.
Temperature and voltage were given as degrees of
freedom for this analysis.

8.

LOADS APPLIED ON THE MODEL

8.1 Thermal load
Natural convection occurs at the surfaces
exposed to the air. Thermal convection is given on
the lateral surface of the electrodes and the portion of
the work pieces exposed to air, with a convection coefficient of 25 W/m2 ºC, and a bulk temperature of 30
ºC. A uniform temperature of 30 ºC is provided as the
initial condition on all the nodes of the model.

The contact pair elements CONTA 171 and
TARGET 169 were employed to simulate the contact
behaviors. TARGE169 is used to represent various 2D "target" surfaces for the associated contact
elements. The contact elements themselves overlay
the solid elements describing the boundary of a
deformable body and are potentially in contact with
the target surface, defined by TARGE169. This target
surface is discretized by a set of target segment
elements and is paired with its associated contact
surface via a shared real constant set. It has three
nodes with up to five degrees of freedom per node.
CONTA171 is used to represent contact and sliding
between 2-D “target” surfaces and a deformable
surface, defined by this element. Contact occurs when
the element surface spenetrates one of the target
segment elements on a specified target surface. It has
two nodes with up to five degrees of freedom per
node. There were three contact areas in the model.
Contact areas 1 and 3 represented the electrode-work
piece interface, and contact area 2 represented the
faying surface as shown in Fig.

8.2 Electrical load
The input current in this simulation was AC 50
Hz sine wave of 12.5 kA applied for 0.2 seconds. In
order to simulate the cooling process of the welding,
the input current was set to zero after 0.2 seconds
upto 0.6 seconds. The current was imposed as a nodal
load on the top surface of the upper electrode. The
pattern of the current is shown in Fig.
I = 6250 x sin (2πωt) ,
=0

0 < t ≤ 0.2
,

t > 0.2

where I is the instantaneous current, ω is the
frequency (50Hz) and t is time in seconds.
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function of temperature as shown in Fig. and Fig.
respectively. The connectivity of the contact pairs are
ensured by the command „cncheck, adjust‟, which
physically move the contact nodes to the target
surface.

9.

CONTACT MODELING

In finite element code ANSYS contact wizard is
used to manually establish the contact pairs. In this
model three contact pairs were established- the faying
surface which is the work piece–work piece interface
and the electrode-work piece interface.

10. RESULTS AND DISCUSSION
The temperature fields for the three types of
electrode shapes were obtained for an input current of
12.2 kA for 0.2 seconds welding time. The highest
temperature was kept at the center of the faying
surface throughout the whole welding process.
Melting first occurred at the faying surface, and then
expanded to the material near the faying surface.
10.1 Temperature Distribution
The results obtained from simulation and
experiments are shown in Fig.

Using contact wizard the contact and target were
specified using lines to form a single contact pair.
The contact wizard allows selecting more than one
area for target and contacting surface thus allowing
multiple areas to form single contact surface. After
the target and contact surfaces are specified, the
properties of the contact pair namely electrical
contact conductance and thermal contact conductance
are given as input. The electrical contact conductance
and thermal contact conductance are described as a
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1.

2.

3.

4.

5.

In 0.2 seconds, the temperature in the flat
electrode was found to be 510ºC at the electrode tip,
and 1952ºC at the faying surface. In 0.2 seconds,
temperature in the pointed electrode was observed as
706ºC at the tip, and 2091ºC at the faying surface. In
0.1 seconds, the temperature in the dome nose
electrode was found to be 803ºC at the tip, and
2150ºC at the faying surface. In 0.2 seconds, the
temperature in the dome nose electrode at the tip was
949ºC, and the faying surface was 2876ºC.

6.

7.
8.

It was observed that for the same input current
and weld time, the temperature obtained in the dome
nose electrode is 2876 ºC, which was far higher than
the other two shapes. The reduced contact area
between the electrode and the work piece results in an
increase in the current density. Moreover, the faying
surface was found to have reached the required
temperature within a meager time interval of 0.1
seconds. This trend in the temperature indicates that
there is a scope for power saving, by terminating the
input current after 0.1 seconds, unlike the other
shapes. For same input current and weld time, the flat
electrode was found to have produced the least
temperature of all the electrode shapes.

A thermal-electric 2-D finite element model has
been developed to analyze the transient thermal
behavior of resistance welding process.
The developed model considers the electric and
thermal conduction in the solid, convection due
to ambient air, latent heat of fusion due to solidliquid phase change, and material properties as a
function of temperature.
The thermal-electric contacts have been modeled
with contact resistance as a function of
temperature.
The thermal behavior of the three electrode
geometries have been predicted from the thermal
electric analysis.
The dome nose electrode is found to be better
than the other shapes for resistance spot welding
since it consumes the least power.
The maximum nugget diameter was produced by
the flat electrode and the maximum depth of
fusion was produced by the dome nose electrode.
The simulation results are in good agreement
with the experimental results.
The methodology adopted in this work can be
used while selecting parameters for a new
product or part geometry that is to be welded
using electric resistance spot welding.
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